This work aims to evaluate the impact of drug treatment on infection by Ascaris lumbricoides (Al), Trichuris trichiura (Tt) and hookworms (Hook) in a rural community from the sugar-cane zone of Pernambuco, Brazil. Four parasitological surveys were carried out from March 2001 to March 2002. Individual diagnosis was based on eight slides (four by the Kato-Katz method and four by the Hoffman method) per survey. Infected subjects were assigned to two groups for treatment with either albendazole (n = 62) or mebendazole (n = 57). Prevalence of infection fell significantly (p < 0.05) one month after treatment: Al (from 47.7% to 6.6%); Tt (from 45.7% to 31.8%) and Hook (from 47.7% to 24.5%). One year after treatment, infections by Tt and Hook remained significantly below precontrol levels. A substantial decrease in single-infection cases and multiple infections was found. Egg-negative rate was significant for Al (94.0%), Hook (68.3%) but not for Tt (45.5%), and did not differ significantly between subjects treated with mebendazole or albendazole. Egg counts fell significantly in the individuals remaining positive for Tt. It is recommended that antihelminthic treatment should be selective and given at yearly intervals preferably with albendazole, due to its cost-effectiveness.
INTRODUCTION
Among geohelminths, Ascaris lumbricoides, Trichuris trichiura and hookworms are the most prevalent and widespread 8 . In Brazil, it is estimated that 2.9 to 4.3 million people suffer from multiple geohelminthic infections 6 . However, very few studies have evaluated the real situation of geohelminthiasis in this Country 24, 33 . Research has been restricted to the description of outpatients from health institutions and schoolchildren 12,,34 , or children under five years of age in an urban setting 13, 20, 27 . No emphasis has been given to interventive studies on geohelminths in rural areas, despite a recommendation by WHO 36 that control of intestinal helminthiasis and intestinal schistosomiasis should be combined, and regardless of the fact that both diseases frequently occur together 6 . Due to lack of resources, geohelminthiasis control has been restricted to the treatment of the infected population with drugs that affect the egg counts directly, thus reducing morbidity levels. Two benzimidazoles are currently recommended (albendazole and mebendazole) for use in control programs 21 . However, there have been no comparative field studies aiming to evaluate which of the two drugs is more appropriate for rural communities.
The present study evaluates the impact of selective treatment with mebendazole or albendazole on infection by A. lumbricoides, T. trichiura and hookworms, by comparing infection indices prior to and after chemotherapeutic intervention in a sugar-cane farming village in the state of Pernambuco, Brazil.
MATERIAL AND METHODS

Approval by the Ethics Committee:
The present study is part of a research project entitled "Prevalence survey of intestinal helminthiases in rural communities of Pernambuco, submitted to chemotherapeutic control" under the coordination of Tereza Cristina Favre, approved by the Ethics Committee of Fiocruz (CEP/Fiocruz), in June 2000 (protocol no. 112/ 00), the final report of which was also approved by the CEP/Fiocruz.
Characterization of the study area: Covas (35º 7' 33'' W; 8º 4' 14'' S) is a rural community endemic for schistosomiasis, located in the municipality of São Lourenço da Mata, Pernambuco Brazil, 12 km southwest from the municipal center. The last local parasitological survey, carried out by the National Foundation of Health in 1996, detected a prevalence rate of 43% for Schistosoma mansoni 11 . Covas was selected for the study due to ecological features favorable not only to the transmission of schistosomiasis, but also of geohelminthiasis. Epidemiological, topographical, climatic and hydrographical information on the site was collected in December 2000. Figure 1 shows a schematic representation of the main elements from Covas. It has 52 houses, spread over a rugged terrain, with sandy clay soil, used mainly for sugarcane plantation. The main source of water is the Pixaó River that cuts the village from Northwest to Southeast. The heads of four seasonal streams and a small pond are located in the area and they all flow into the Duas Unas Dam, located about 3 km to the North. The climate is tropical, rainy with dry summers (Köppen Classification), with average temperatures varying from 24 °C to 27 °C. The annual average rainfall is 1,250 mm and the rainy season stretches from March to August. Between January and December 2001, total rainfall, estimated by the Institute of Meteorology (Inmet), was 1,430 mm. From that total, 1,040 mm -72.7% of rainfall -occurred during the rainy season.
By December 2000, the population of 250 inhabitants occupied 44 of the 52 houses and was distributed according to age group as follows: 14.8% (0-6 years), 22.0% (7-14 years), 18.4% (15-19 years), 16 .0% (20-29 years), 16.8% (30-49 years) and 12.0% (50-83 years). The main professional occupation was sugarcane planting and cutting that accounted for a family income of 1 to 2 minimum wages. Thirty-three (75.0%) of the 44 houses occupied by families were constructed from bricks, with earthen floors. Seventeen (38.6%) houses had no sanitary facilities and the remaining 27 (61.4%) had sewage systems in very precarious conditions. Remains of food and dejecta from 20 (45.5%) houses were thrown in their yards. The only sources of water were streams and artesian wells. Thirty-five families (79.5%) raised small animals (dogs, cats, chickens and pigeons) that circulated freely in the houses. The community had a municipal school, (first to fourth grades) for children aged 7 -14 years.
Social, demographic, sanitary and behavioral survey: In December 2000, homes were numbered and residents were registered. A standard questionnaire 37 was answered by heads of the households in order to obtain sociodemographical, financial, sanitary and behavioral information relevant to the epidemiology of schistosomiasis and geohelminthiasis. The same questionnaire was distributed in December 2001 to detect possible changes among relevant variables over the study period.
Parasitological surveys and treatment of infected cases: Four coproscopic surveys were carried out (March, May and October 2001 and March 2002). In each survey, subjects were sampled twice at intervals of 3 to 4 days. Each sample was processed both by the Kato-Katz method 18 (two slides per subject) and by Hoffmann´s spontaneous sedimentation method 15 , by which two slides, with a standardized aliquot of 80 µl of sediment, were prepared for each subject from 4 g of feces. Therefore, the parasitological diagnosis for each subject, in each survey, was made from a total of eight slides and subjects were considered positive whenever there were eggs on at least one of these. Estimates for the number of eggs per gram of feces (epg) for each subject per survey were made by adding the number of eggs found on each Kato-Katz slide, multiplying this sum by 24 and dividing the result by the number of slides (four).
Treatment of the positive subjects started in April 2001, immediately after the results of the survey of March 2001 and repeated, twenty days later, in order to account for the larvae in transit in the host at the time of the first treatment 36 . Pregnant or lactating women, children under the age of two, and subjects with intense infection involving expulsion of worms through the mouth and feces, did not receive any medication. In such cases, the results of the parasitological tests were issued with a recommendation or directions to seek help from the local health-care center. Two groups of positive subjects were constituted by matching all those eligible for treatment by sex, age and infection category (single, double or triple-infection), and by taking into consideration the species of geohelminth. Each group was randomly assigned to treatment with one or the other antihelminthic drug. The treatment was administered by a health agent in the presence of the research team. Mebendazole (100 mg: LAQFA) was administered twice a day over three consecutive days, and albendazole (400 mg: Neoquímica), was administered in a single dose. The subjects positive for S. mansoni were treated in April 2001 with praziquantel (60 mg/kg: Far-Manguinhos/Fiocruz), a week after the treatment for geohelminthiasis.
The first survey enabled us to identify the subjects tested positive for each geohelminthiasis, as well as to estimate the prevalence of infection and the intensity of infection prior to treatment. The survey of May 2001 enabled an estimation of the egg-negative rate, the reduction of egg counts, as well as to detect any subjects remaining positive after treatment with each drug. The surveys of October 2001 and March 2002 made it possible to estimate rates of re-infection and to follow the infection dynamics after treatment.
Indices of infection:
The following indices were used according to MONTRESOR et al. 21 :
a) Prevalence of infection -percentage of subjects tested positive for each geohelminth species, in relation to the number of subjects examined. This was estimated for the whole population and for a group of 151 fully complying subjects, who participated in all surveys and, whenever positive, were medicated (follow-up cohort).
b) Cumulative prevalence of infection -prevalence of infection with at least one geohelminth species. The cases of single and multiple infection involving S. mansoni were excluded from both the follow-up and infected cohorts. Thus, the subjects participating in these cohorts were not concomitantly infected with S. mansoni and geohelminth species and, consequently, did not receive any treatment for schistosomiasis.
Statistical analysis of data:
The Sign test 26 was employed to assess significant differences in the prevalence of infection for each helminth species between the survey prior to treatment (March 2001) and each of the three subsequent surveys, as well as and in the egg-negative rate for each helminth between March 2001 and May 2001. Matched t -test 29 was used to evaluate significant differences in the intensity of infection among positive subjects in the follow-up cohort grouped by age and by geohelminth species, between the survey prior to treatment (March 2001) and each of the three subsequent surveys. Contingency tables 26 were used to evaluate significant differences in egg-negative rate between subjects treated with mebendazole and those receiving albendazole, as well as in reinfection rate between the two following periods: June -October 2001 and November -March 2002. Six months after treatment there was an increase in prevalence of each geohelminthiasis and, as a consequence, in cumulative prevalence. Eleven months after treatment, prevalence of all three geohelminthiases remained below pre-treatment levels ( Table 1) .
RESULTS
The
Indices of infection in the follow-up cohort (n = 151):
Prevalence of A. lumbricoides in this cohort fell significantly one month after treatment (Table 1) . Nevertheless, six and eleven months after treatment, it increased up to the point of not differing statistically from the one registered in March 2001. Prevalence of T. trichiura and hookworms were also significantly reduced one month after treatment, remaining below the initial level even six and eleven months after treatment.
Prevalence of A. lumbricoides ( Fig. 2A) , prior to treatment was above 39.0% in all age groups, except for the group with oldest subjects (50-82 years). One month after treatment, there was a significant decrease of prevalence in all four groups ranging from 7 to 49 years. However, in the subsequent surveys, prevalence was only kept significantly below the pre-treatment level in October 2001 in the age group of 20-29 years. As for intensity (Fig. 3A) , before treatment it was concentrated in the younger groups (0-6 years and 7-14 years). With the treatment, the egg counts fell significantly in all age groups, except for the 50-82 years Prevalence of T. trichiura (Fig. 2B ) before treatment ranged from 25.0%, in the group with the oldest subjects (50-82 years), to 65.9%, in the 7-14 year-old group. Significant decrease in prevalence after treatment in all age groups was not detected. As for intensity (Fig. 3B) , the age group with highest egg counts before treatment was 7-14 years. This was the only group that presented a significantly reduced egg count after treatment. However, the impact of treatment on intensity of infection in the cohort as a whole remained significant from May 2001 until the last survey.
Prevalence of hookworms (Fig. 2C ) before treatment was above 43.0% in all age groups, except for the youngest one (0-6 years). The highest values of prevalence were found in the 7-29 year-old range. The treatment only had a significant impact on prevalence in the 0-6 years group. As for intensity (Fig. 3C) , before treatment the highest rate was found in the 7-14 year-old group. After treatment, the egg count did not drop significantly only in the 0-6 and 50-82 year-old groups, where it was already minimal. In the subsequent surveys, intensity remained significantly below the pre-treatment level in the 15-19 and 30-49 yearold groups. In the cohort as a whole, the impact of treatment on intensity of infection remained significant until the last survey.
Indices of infection in the infected cohort (n = 119):
The assignment of 119 positive-tested subjects for treatment with mebendazole or albendazole taking into account the main intervening There was no significant difference (p > 0.05) in the egg-negative rates among subjects treated with either one drug or the other ( Table 2 ). The proportion of subjects becoming negative after treatment, considering the two drugs jointly, was significant (p < 0.05) for A. lumbricoides and for hookworms, but not for T. trichiura. The egg-negative rate of those infected by A. lumbricoides was significantly higher (p < 0.05) than that of those infected by T. trichiura or hookworms; on the other hand, it was significantly higher (p < 0.05) among those infected by hookworms as compared to those infected by T. trichiura.
Out of 60 subjects tested positive for A. lumbricoides detected by Kato-Katz, 58 (96.7%) became negative after treatment. Of the two subjects remaining positive, only one reduced the egg count. Only 29 (41.4%) out of 70 that tested positive for T. trichiura, became negative with the treatment. Therefore, 41 subjects remained positive after treatment. Nevertheless, the Sign test detected 40 discrepancies between egg count (epg) before and after treatment, thus indicating that there was a significant reduction in the egg counts of T. trichiura even among people who remained positive after treatment. Out of 49 infected by hookworms, 44 (89.8%) became negative. Egg counts fell in four out of five subjects that remained positive one month after treatment. Two of these were substantially reduced: 99.9% (from 6,336 epg to 6 epg) and 92.3% (from 636 epg to 48 epg); while the reduction in the other two, was not so marked: 27.3% (from 132 epg to 96 epg) and 20.7% (from 174 epg to 138 epg).
All 119 participants in the infected cohort were positive in March 2001 for at least one of the three geohelminths (Table 3) . One month after treatment, 52.9% became negative, however, the remaining subjects continued in one of the three infection categories. Cases of single infection by A. lumbricoides and hookworms were reduced after treatment, whereas those by T. trichiura increased almost three fold. Cases of double infection in the combinations A. lumbricoides + hookworms and A. lumbricoides + T. trichiura were reduced after treatment, reaching zero in the first combination. As for cases of double infection by T. trichiura + hookworms, there was a slight increase. Cases of triple infection were (Table 4) .
Social, demographic, sanitary and behavioral variables related to geohelminthiases:
A comparative analysis of living conditions before (December 2000) and after (December 2001) antihelminthic treatment showed that there were no significant changes in environmental, sanitary and behavioral variables considered relevant to the maintenance of transmission of geohelminthiases during the interval between administration of the two home questionnaires (Table 5) . the main goal of geohelminthiasis control is the reduction of parasite load, which involves efforts to reduce transmission and/or morbidity. In the area where the present study was carried out, only one treatment was capable of maintaining prevalence below pre-control levels over at least one year, although there was no change with respect to poor socioeconomic and environmental conditions, nor any change in behavioral patterns favoring infection. The treatment also reduced egg counts substantially, even among the subjects who remained positive.
The results on prevalence of infection and of cumulative infection corroborate data found in the literature with respect to the three helminths, under no-treatment conditions 10 , as well as under treatment 1 . Therefore, infection by T. trichiura and hookworms were kept below pre-treatment levels, whereas infection by A. lumbricoides returned to the initial level within 11 months. Increase in prevalence of A. lumbricoides in the followup cohort reinforces the evidence that, in addition to the risk behavior of the host, this geohelminth has characteristics that greatly increase the chances of reinfection: great fertility, high resistance of embryonated eggs under adverse conditions and ample dispersion in the environment, including inside the houses. Infection by T. trichiura and hookworms apparently needs more time to return to pre-treatment level 16 since both geohelminths have less resistant eggs compared to those of A. lumbricoides, their females lay fewer eggs, in addition to the fact that the infecting larvae of hookworms are more susceptible to desiccation.
Prevalence of A. lumbricoides had no substantial variation between the various age groups, neither before nor after treatment, which may be due to similar conditions of exposure to the helminth by most residents of the village. These data are in accordance with those obtained in some areas 5 , where prevalence of this helminth remained relatively high in all age groups; however, they contrast with data from other areas, where prevalence reached its peak in the 5-15 year-old group 5, 28 . As for intensity of infection by age group, our results agree with those from the literature 9, 31 , as the egg counts of A. lumbricoides are concentrated in groups of younger individuals, and tend to decline in adulthood. This pattern persists even after treatment.
Results on prevalence of hookworms by age group agree with those reported by LABIANO-ABELLO et al. 19 who found the highest values among those aged 5-29 years. As for intensity of infection, results point to a larger aggregation in the 7-14 year-old group, similar to data by ANDERSON 2 .
Results on prevalence of T. trichiura in different age groups agree with those reported by BUNDY et al. 5 who indicated a peak between the ages of 5 and 15 years, but contrast with those of SMITH et al. 28 who did not detect any decline in adulthood. This contrast is probably due differences in exposure risks between the study areas. As for intensity of infection, our results agree with those by UPATHAM et al. 31 who reported a larger concentration of egg counts in the 5-10 year-old group. Decline in intensity of infection among older subjects observed in the present work is confirmed by DRAKE & BUNDY 9 and STEPHENSON et al. 30 .
The fact that intensity of infection by the three geohelminths is concentrated in certain age groups may be due not only to age characteristics but also to the aggregated distribution of these worms, since most hosts carry few worms, and higher egg counts are concentrated in a minority of individuals. According to HALL et al. 14 21 . For communities in that category, annual targeted treatment is recommended; the groups identified for treatment are women of childbearing age, as well as pre-school and school-age children.
, this aggregated
However, it is likely that selective treatment, that is, treatment administered individually based on the diagnosis of current infection, would be more suitable for the village of Covas than targeted treatment. Thus, children over school age, male adults and women above the reproductive phase were also infected by geohelminths, acting as important sources of contamination of the environment. If the treatment administered in March 2001 had been targeted as suggested by MONTRESOR et al. 21 , only 98 subjects (64 children and 34 women) would have been medicated, still leaving 40 subjects with geohelminth eggs in the feces. On the other hand, with selective treatment, medication would cover, as actually occurred, all 138 positive-tested subjects.
Results on egg-negative rate agree with those in the literature, that report high rates (above 97.0%) for A. lumbricoides 17 , medium rates (around 60.0%) for hookworms and low rates (around 38.0%) for T. trichiura
The low egg-negative rates obtained for T. trichiura may be justified by the differing locations of the adult worms in the intestine. Therefore, in T. trichiura, only the posterior portion of the worm (essential for defecation, copulation and oviposition) is free in the intestinal lumen, with the anterior portion being inserted in the intestinal epithelium. As regards A. lumbricoides and hookworms, the whole body of the worm remains in the intestinal lumen. This slight difference in location of the adult worm may also imply differentiated exposure to antihelminthic drugs that act in the intestinal lumen. Consequently, studies aiming at the formulation of more effective drugs are necessary, particularly for T. trichiura.
The low egg-negative rates obtained for T. trichiura are compensated by a significant reduction in the egg counts, a fact also reported by other authors 17 . According to NORHAYATI et al. 23 , drugs are more effective in the reduction of the female fertility of T. trichiura than in the removal of the adult worm from the host; as for A. lumbricoides and hookworms, the major effect of the drug is to promote parasitological cure.
As regards the egg-negative rate in relation to the drug that was administered, the results of this study agree with those reported by RAHMAN 25 who showed similar rates, above 90%, in relation to mebendazole and albendazole for A. lumbricoides. As far as hookworms are concerned, JONGSKSUNTIGUL et al. 17 , RAHMAN 25 and MUCHIRI et al. 22 found higher egg-negative rates with albendazole (57% -92%) than with mebendazole (22% -50%). These results are in contrast with the ones obtained in the present study, where rates were similar (78.0% and 59.0%, respectively) for both drugs. For T. trichiura, RAHMAN 25 obtained lower egg-negative rates for albendazole (12% -38%) than for mebendazole (50% -89%). These contrasting results indicate that further studies under real field conditions are necessary to evaluate the efficacy of these drugs under varying eco-epidemiological situations.
Albendazole and mebendazole proved to be equally effective as they produced satisfactory rates for both egg-negative rate and egg-count reduction. Nevertheless, albendazole may be considered the ideal drug under the conditions of the present study due to the lower cost-benefit ratio. Albendazole is administered in a single dose, thus it offers lower operational costs to guarantee total treatment compliance. Treatment with mebendazole, on the other hand, requires three split doses. The advantage in using albendazole became even more evident because treatment was carried out at the community level, and not in the school environment, where its operationalization would have been much easier. It is interesting to point out that the area of the present study is also endemic for schistosomiasis, which reinforces the recommendation by the WHO to promote the joint control of this infection and geohelminthiases 36 . Such integration can be justified not only by logistic reasons but also by the fact that praziquantel, a drug used to treat carriers of Schistosoma mansoni, is also effective against hookworms. Therefore, according to UTZINZER et al. 32 , combined therapy of praziquantel and albendazole is more effective in reducing prevalence and egg counts of hookworms than a single administration of albendazole.
Results on single infection prior to treatment agree with those found by UPATHAM et al. 31 as they report higher prevalence for hookworms and lower prevalence for A. lumbricoides, although percentage values varied. As regards double infection, the present results agree with the findings by DRAKE & BUNDY 9 , who showed highest prevalence in the combination A. lumbricoides + T. trichiura. The present results on triple infection are similar to those by UPATHAM et al. 31 , who reported prevalence around 30%.
As regards multiple infections after treatment, it is worth mentioning that although changes in the status of infection (from triple infection to double or single infection) were not followed by a significant decline in prevalence for each geohelminth, they might have had an important effect on morbidity. In fact, DRAKE & BUNDY 9 emphasized that the risk of morbidity caused by only one species is related to intensity of infection. Other authors also mention that individuals with multiple infections tend to display higher intensity of infection than that expected for each infection separately 4 .
Results on reinfection agree with data reported by NORHAYATI et al. As far as the results of the present study are concerned, the following recommendations can be offered for the transmission control of these geohelminths: (a) the treatment must be selective and with albendazole, every six months (preferably in March and September), due to the rapid aggravation of the infection, especially by A. lumbricoides, taking into account seasonal transmission conditions; (b) drug treatment must be complemented with prophylactic measures such as improved sanitation and programs of information, education and communication; and (c) the treatment should be on a yearly basis (March) as reinfection rates fall.
